Two Multijunction Thermal Voltage Converters (MJTCs) were provided to the
TABLES
: DUT S# 127D1 measured using the S# 117D1 Standard 11 Table 4 : DUT S# 127C2 measured using the S# 104G3 Standard 11 Table 5 : DUT S# 127C2 measured using the S# 117D1 Standard 12 Table 6 : DUT S# 127C2 measured using the S# 127D1 as a Standard 12 Table 7 : the difference between the measured values from Table 6 and δDUT -δSTD obtained using the 127D1 standard: (Table 6 -(Table 5 -Table 3) ). 12 Table 8 : the difference between the measured values from Table 6 and δDUT -δSTD obtained using the 104G3 standard: (Table 6 -(Table 4 -Table 2) ). 12 
MEASUREMENT SYSTEM AND PROCEDURES

Measurement Overview
Data were collected using the Sandia PSL Automated Low Frequency AC-DC Difference Measurement System. The ac-dc difference was measured at the center of a type N tee supplied with the traveling standards. These standards will be referred to in this report as the "DUT" (not to be confused with the "standard" used for comparison in the measurement system). The DUT and a comparison standard were connected at the tee and ac or dc voltage supplied to both using a Fluke 5700A calibrator. The thermocouple output emfs from both devices were measured using Keithley 182 voltmeters. After measuring the emf output of the DUT and standard at the nominal applied ac voltage, the Sandia PSL system uses an automated computer algorithm to adjust the applied dc voltage to match the output emf at the DUT so it is equal to that when the ac voltage is applied. Corrections are then applied to account for the ac-dc difference of the standard.
The ac-dc difference is defined as the ppm difference between the ac and dc voltages necessary to produce equal response of the MJTC thermocouple output at each applied voltage and frequency and is given by,
where  is the ac-dc difference, AC V is the rms ac applied test voltage, and DC V is the applied dc voltage necessary to produce a response equal to that produced by AC V at the DUT. To account for dc reversal errors, the measurement is repeated with both positive and negative dc voltage and the absolute values of those are averaged first to compute DC V . With this definition, a positive ac-dc difference indicates that a higher ac voltage is necessary to produce the same output as a given dc voltage.
In practice, the output emf of the standard is measured for ac and dc voltages matched at the DUT. The equation for the ac-dc differences (as defined above) in terms of the output emf of the standard for this procedure is
where ac v and dc v are the output emfs of the standard for the matched ac and dc voltages respectively, and the factor 2 accounts for the square law dependence of the thermocouple emf on the applied voltage. STD  is the ac-dc difference of the standard, applied as a correction, and is added algebraically for this method.
Data Collection
Ten points were collected for each voltage and frequency measured. Outliers were removed using Chauvenet's criteria leaving between 7 and 10 data points left over for subsequent data analysis. The laboratory temperature was 23°C and 40 %RH at the time of test.
Traceability
The measurement is traceable to NIST through the thin-film MJTC standards. These devices were measured at NIST and the ac-dc differences provided to Sandia in a NIST Report of Special Test.
Measurement System Verification
Prior to measuring the traveling standards, the measurement system was verified by measuring two high precision MJTCs against each other. These are the same standards that were subsequently used for the measurements of the traveling standards and both were provided with ac-dc differences from a NIST Report of Special Test. The NIST-provided ac-dc differences were used for the MJTC used as the "standard" as corrections to the measurements. The Sandia PSL measurement system data on the other MJTC (the "DUT") were compared with the NIST supplied values for that device. The results are shown in Figs. 1, 2 , and 3. Although the results, as measured, typically fall within 10 ppm of the NIST values, the uncertainty of the ac-dc differences provided on the NIST report as well as the Type A (standard deviation of the mean) of the measured points must be considered in evaluating the uncertainty of the measurement system. These are represented by error bars on the graphs. The error bars on the NIST values are taken from the NIST Report of Special Test for the DUT (S#117D4). The error bars on the Sandia PSL measured data are the RSS of the standard deviation of the mean of the points taken (see "Data Collection"), and the uncertainty of the corrections provided by the NIST for the standard (S# 104GS in this case). The error bars on the graphs are the k=1 values. Based on this data, the uncertainty of the measurement system was set at 50ppm (k=2). 
MEASUREMENT RESULTS
The results are summarized in the tables below, which show the two devices under test measured against the two standards. The k=2 expanded uncertainty for all of the measurements is 60 ppm, as explained in the "Statement of Uncertainties" section. The measurements from Table 6 should be the δ DUT -δ STD. Table 7 and Table 8 show the difference between the expected and measured values for both the 127D1 and 104G3 standard. They are all less than 60 ppm, which is a cross-check for the expanded uncertainty estimate of 60 ppm assigned to the measurements. Table 7 : the difference between the measured values from Table 6 and δDUT -δSTD obtained using the 127D1 standard: (Table 6 -(Table 5 -Table 3) ). Table 6 and δDUT -δSTD obtained using the 104G3 standard: (Table 6 -(Table 4 -Table 2) ).
MJTCs measured against NIST/Sandia
STATEMENT OF UNCERTAINTIES
The total uncertainty includes the uncertainty of the measurement system and the uncertainty of the ac-dc difference of the standards. The measurement system uncertainty is a combination of Type A and Type B components and is 50ppm (k=2, see "Measurement System Verification") for the Sandia PSL low frequency ac-dc measurement system for the voltages and frequencies used for this study. The uncertainties for ac-dc difference of the 104G3 and 117D4 standards used were between 1 ppm and 24 ppm depending on the voltage and frequency. The expanded uncertainty (k=2) obtained by computing the root-sum-squares of these two components rarely deviated from 50ppm although it was occasionally 55ppm at higher frequencies. Based on this evaluation, a conservative estimate of 60ppm (k=2) is the assigned uncertainty for all of the measurements in this report. 
